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SCMB  BIOCHEMICAL  STUDIES  OH  PSILOCYBIN  AND  PSILOCIN 


In  this  pretentAtlon  I  would  like  to  dlscuos  soaa  of  our  studies  on 
two  of  the  indoleamines  recently  identified  in  the  mushroom,  Psilocybe 
mexicana  Heim.  These  are  psilocybin  (A-phosphoryl-HiN-dtoethyltryptaaine) 
and  its  4-hydroxy  analogue,  poilocin.^*^  Their  chemical  structures  are 
shown  in  the  figure  below.  Both  of  these  compounds  have  been  shown 
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to  produce  hallucinogenic  effacta  in  man 
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well  as  central  nervous 


sygtam  actions  in  the  experimental  animal. 


Our  interest  in  these  compounds')  first  arose  when  we  observed  that 
psilocybin  could  be  enaymatically  daphoaphorylated  by  purified  prepar¬ 
ations  of  Intestinal  phosphatase  aa  well  as  by  huc-en  ecrum  alkaline  phos- 
phstass.  This  was  expected  since  psiloc/bin  resembles  chemically  other 
arylphosphates  which  are  excellent  aubstrates  of  the  ensym®.  Hicse  initial 
experiments  suggested  the  possibility  that  psilocybin  might  also  undergo 
rapid  dephosphorylation  in  the  body  with  the  subsequent  liberation  of 
psllocin,  and  that  the  pharmacologic  activity  of  psilocybin  aiigbt  be 
produced  by  this  4-hydroxy  oongisaer.  Such  a  phenomenon  was  entirely 
possible,  for  upon  detci'mining  the  aolubilltlcs  of  the  two  compounds  In 
organic  solvents  as  compared  to  thai.  Hc  aqueeua  sclutior.  et  pH  7.4,  it 
was  found  that  psllocin  Indicated  a  much  higher  lipid  solubility  than 
psilocybin.  Since  lipid  solubility  plcys  such  an  important  role  in  the 
passage  of  drug  molecules  through  the  blood-brain  barrier,  It  would 
appear  that  psllocin  would  be  more  affectively  taken  up  by  the  brain  tissue. 


Before  proceeding  to  the  Intact  aniioal  we  continued  our  earlier 
enzyme  studies  by  employing  various  tissue  preparations.^  The  rat 
kidney  homogenate,  known  to  possess  high  alkaline  phosphatase  activity, 
was  employed  as  the  source  of  the  enzyme.  Most  of  the  work  was  carried 
out  at  pH  8.8  because  of  the  high  pH  optimum  of  alkaline  phosphatase. 

Unlike  the  experiments  with  the  purified  Intestinal  phosphatase,  however, 
the  Incubation  of  psilocybin  with  kidney  homogenates  resulted  In  the 
rapid  formation  of  a  blue  colored  product.  Dephosphorylation  had  occurred, 
but  the  pellocln  which  was  liberated  could  not  be  measured  accurately 
because  of  Its  rapid  breakdown  to  the  blue  product.  It  was  immediately 
evident  that  In  the  kidney  homogenate  another  process  was  present  which 
was  responsible  for  the  rapid  degradation  of  psllocin.  Prellmlnpry  Invest¬ 
igation  indicated  this  process  to  be  the  action  of  an  oxidative  enzyme, 
for  It  was  inhibited  by  KCN  and  by  anaerobic  conditions.  It  was  not 
monoamine  oxidase  (MAO)  for,  among  other  things,  the  usual  Inhibitors  of 
this  enzyme  was  Ineffective  in  preventing  the  oxidation  process.  In 
the  kidney  homogenate,  therefore,  two  enzymes  were  active  In  metabol¬ 
izing  the  4-8ub8tltutad  IndoleanlncE ;  namely,  the  alkaline  phosphatase 
which  acted  to  dephosphorylnte  psilocybin,  resulting  In  the  liberation  of 
psllocin,  and  the  oxidation  of  psllocin,  presumably  at  the  4-OH  position, 
by  an  oxidative  enayme.  Extensive  studies  of  these  two  systems  Including 
pH  optima,  the  actions  of  various  inhibitors,  organ  and  tissue  distribution, 
as  well  as  species  differences  were  undertaken.  Prom  the  characteristics 
of  this  system  we  concluded  that  the  oxidation  of  psllocin  was  carried 
out  by  the  cytochrome  oxidase  enzyn®.  As  final  support  we  were  able  to 
demonstrate  the  oxidation  of  psllocin  with  a  purified  preparation  of 
cytochrome  oxidase  in  the  presence  of  cytochrome  c.  Again,  under  these 
conditions,  the  usual  blue  colored  product  was  formed  with  the  concommitent 


utilisation  of  oxygen  and  disappearance  of  psllocln.  The  nature  of  the 
blue  colored  product  Is  not  known,  but  It  Is  possibly  a  qulnone-type 
etructure,  for  such  coopounds  are  often  highly  colored.  Blaschko  and 
Levine^ recently  described  the  oxidation  of  psllocln  and  other 
hydroxylndoles  by  preparations  of  the  gill  plates  of  the  Mytllus  edulls  and 
attributed  this  to  the  action  of  a  hydroxylndole  oxidase  found  In  this 
species  of  mollusc.  The  oxidation  of  psllocln  with  these  preparations 
also  resulted  In  a  blue  colored  product ,  probably  the  same  as  found  In 
our  experiments.  The  cnayirA  responsible  for  this  oxidation,  however, 
appears  to  be  quite  different. 

Digressing  a  few  moments  froa  the  subject  of  thtt  metabolism  of 
4-8ub8tltuted  Indolaamlnee  X  might  ttiention  here  some  Interesting 
results  obtained  when  serotonin  (3-hydroxytryptamina ,  5HT)  Instead  of 
psllocln  was  employed  at  the  substrete.  Incubation  of  serotonin  with 
rat  liver,  brain,  kidney  and  heeri:  homogenates  over  a  pil  range  of  7,4 
to  9.5  resulted  in  considerately  different  degrees  of  metabolism, 
expeclally  in  the  presence  of  inhibitor  substances.  We  may  aseume  that 
rat  liver  and  brain  preparations  oxidized  serotonin  primarily  via 
the  monoamine  oxidase  pathways  since  the  usual  IdAO  inhibitors  effectively 
blocked  substrate  disappearance  over  the  entire  range  of  pH  levels. 

With  the  heart  and  kidney  tissues  a  very  different  picture  was  obeerved. 

At  pH  7.4  the  metabolism  of  serotonin  appeared  to  proceed  mainly  by  the 
MAO,  again  as  evidenced  by  its  Inhibition  by  the  well  known  inhibitors, 
phenyltsopropylhydrazlne  (PIH)  and  tranylcypromine  (2-phenylcyclopropyl- 
amlne,  SKP-585).  Oxidation  of  the  substrate  did  not  decrease  with 
Increasing  pH,  but  Its  inhibition  by  the  usual  MAO  Inhibitors  became  less 
and  less  active,  and  at  pH  9.5  they  were  completely  Ineffective  In 
blocking  the  oxidation  of  5HT.  KCN,  on  the  other  hand,  became  an  active 
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Inhlbttor;  however,  thli  occurred  only  «t  the  higher  pH  ranges  and  only 
when  the  MAO  inhibitors  were  ineffective. 

In  these  instances  it  was  concluded  that  the  alteration  of  pH 
caused  the  activation  of  a  second  ensyme  system  which  was  acting  on  the 
5-OH  portion  of  the  molecule.  As  seen  with  pslloctn  the  oxidation  of  the 
-OH  group  of  serotonin  appeared  to  be  by  way  of  the  action  of  cytochrotoe 
Okildase.  Again  cytochrome  c  enhanced  the  oxidation  process.  Recent 
studies  Indicated  serotonin  to  be  an  effective  substrate  of  the  purified 
ensyme  and  cytochrome  c,  although  not  as  efficient  as  the  4-hydroxylatcd 
compounds.  Jnder  the  conditions  described  here,  then  serotonin  oxidation 
can  occur  by  two  enaymatic  pathways.  First,  as  seen  in  the  liver  and 
brain  over  a  wide  range  of  pH,  and  In  heart  and  kidney  at  pH  7.4,  is  the 
oxidative  deamination  by  MAO.  The  second  route  of  breakdown  occurs  via 
the  cytochrome  system  which  acts  on  the  -OH  group  of  the  indole  ring, 
and  this  Is  demonstrable  with  kidney  and  heart  preparatlono  at  the 
higher  pH  levels. 

That  MAO  Is  Important  In  the  axjtabollesi  of  serotonin  In  the  intact 
animal  Is  well  established.  The  Importance  of  the  cytochrome  system  as 
a  physiological  mechanism  of  serotonin  degradation  is  rather  dubious, 
especially  with  the  high  pH  optimum  and  the  fact  that  metabolites  of  such 
oxidation  products  have  not  been  Identified.  At  best  It  may  play  a  minor 
role  in  the  breakdown  of  hydroxylated  Indoleamlnes. 

Returning  to  the  studies  of  the  4-8ub8tltuted  Indole  compounds, 
we  preceeded  to  determine  whether  the  dephosphorylatlon  of  psilocybin 
could  be  demonstrated  In  the  Intact  antmel.®  Mice  were  given  100  mgAg 
psilocybin,  sacrificed  at  periodic  Intervals  and  the  livers,  kidneys 
and  brains  analyzed  for  psllocln.  A  rapid  appearance  of  psllocln  occurred 
in  both  liver  and  kidney,  while  accumulation  In  brain  waa  considerably 


•lower.  Obiervatlon  of  the  behavior  of  mice  thui  treated  alto  revealed 
marked  pharmacological  signs  such  as  exophthalmue ,  piloerection,  motor 
incoordination  and  depression.  This,  of  course,  did  not  prove  that  the 
psilocin  which  was  liberated  from  the  dephocphorylation  of  psilocybin  was 
the  active  agent  in  producing  these  effects.  There  was  still  the  possibility 
that  psilocybin  itself  might  be  the  active  agent.  In  order  to  resolve 
this  problem  we  felt  that  the  uac  of  an  inhibitor  of  alkaline  phosphatase 
was  warranted.  By  blocking  the  dephosphorylating  reaction  it  would  be 
possible  to  prevent  the  liberation  of  psrocln,  and,  if  psilocin  were  the 
active  product,  the  central  nervous  syotom  effects  as  well.  Ideally,  an 
irreversible  inhibitor  such  as  iproniastd  exerts  on  MAO  and  D??  on 
acetylcholinesterase  would  have  been  desirable  for  this  purpose.  Such 
agents,  however,  which  are  useful  and  effective  in  v'lvo  are  not  known 
for  alkaline  phosphatase.  We  therefore  approached  the  problem  by 
employing  another  substrate,  acdium  ^■glycevophosplmtSf  with  the  hope 
that  this  would  compete  with  psilocybin,  thus  decreasing  its  dephosphory- 
letion  to  psilocin.  Preliminary  experlmantu  shoxved  sodium  ^-glycero¬ 
phosphate  and  its  dephosphorylated  product ,  glycerol ,  to  be  noii-tcxic 
even  at  high  doses ,  and  no  apparent  pharmacologic  actions  were  produced 
in  the  intact  mouae* 

The  administration  of  psilocybin  to  mice  pretreated  with  the 
^-glycerophosphate  resulted  in  a  considerably  lower  accumulation 
of  psilocin  in  those  tissues  investigated.  I5ot  only  the  amount  but 
also  the  rate  of  psilocin  appearance  was  greatly  attenuated  as  compared 
to  control  animals.  Observation  of  the  behavioral  effects  also  showed 
a  much  leas  exaggerated  picture,  Buggestlng  that  the  decrease  psilocin 
liberation  was  responsible  for  the  attenuated  response. 
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Theae  experioents  stongly  supported  the  hypothesis  thst  in  the 
Intact  Douse  the  central  nervous  system  action  of  psilocybin  was  being 
produced  by  its  dephosphorylated  analogue  psilocin.  One  argument  still 
retoained,  however,  and  this  was  the  possibility  of  the  sodium  -glycero¬ 
phosphate  acting  not  only  as  a  competitive  substrate  but  also  as  a 
pharmacological  antagonist  of  psilocybin  or  psilocin,  thus  decreasing  the 
noraal  actions  of  these  Indoleamines .  A  final  aeries  of  experiments 
was  undertaken  to  rule  out  such  a  possibility.  Control  and  glycero¬ 
phosphate  pretreated  mice  were  given  injections  of  psilocin  and  their 
tissue  levels  of  this  compound  mte  measured.  Changes  in  behavior  were 
also  observed  closely.  In  all  tissues  investigated  the  levels  of  psilocin 
did  not  differ  between  control  and  glycerophoephata-pretreated  mice, 
nor  were  there  any  observable  differences  In  the  behavioral  effects 
between  the  two  groups. 

These  results,  therefore,  eetablished  the  relationship  between  the 
intensity  of  the  central  nervous  eyetem  actions  end  the  rate  of  appearance 
of  psilocin  in  brain  and  other  tissues  after  the  administration  of 
psilocybin.  They  also  provide  another  eiccaple  where  a  phariEacoleglcally 
active  agent  is  produced  by  the  action  of  enayaies  on  an  inactive  compound. 


SUMMARY 


This  paper  has  revlei^ci  some  of  our  recent  biocheatcal  studies  with 
the  4-8ubstttutad  Indoleamtnes ,  psilocybin  and  psilocln.  Both  JU  vivo 
ili  vttro  psilocybin  Is  rapidly  dephosphorylated  to  liberate  its  4-OH 
analogue,  psilocln.  The  possibility  that  psilocln  taay  be  the  phartno- 
cologlcally  active  agent  after  psilocybin  adolnlstratlon  la  discussed. 

Under  vitro  conditions  the  heart  and  kidney  tissues  of  various 
animals  are  capable  of  oxidizing  psilocln  to  a  blue  colored  product. 

This  oxidation  process  Is  cetalyssed  by  the  cytochroise  c  -  c3i'tochroQe 
oxidase  pathway, and  It  appears  to  be  an  action  At  the  -OH  group  on 
the  Indole  ring. 
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